Although many epidemiologic studies have investigated the association between exposure to secondhand smoke (SHS) and risk of coronary heart disease (CHD), few of these studies have assessed exposure measures from different sources over a lifetime. Therefore, we sought to test the association between lifetime cumulative exposure to SHS and risk of myocardial infarction (MI) (as an indication of CHD) among never smokers.
T
HAT ACTIVE SMOKING INcreases a person's risk of coronary heart disease (CHD) has been well established 1 ; therefore, one has good reason to expect that exposure to secondhand smoke (SHS) might also be related to an increased risk of CHD. Over the past 2 decades, a number of studies have reported on the relationship between CHD and exposure to SHS, including several cohort and case-control studies. [2] [3] [4] [5] [6] The evidence from these studies, supported by findings from reviews and metaanalyses, [7] [8] [9] [10] indicates that exposure to SHS is associated with an increased risk of CHD among never smokers. In addition, data from clinical and animal studies support the biological plausibility of this association. [11] [12] [13] However, concerns about uncertainty in the exposure assessment remain, mainly because of methodological difficulties in exposure assessment. Many studies have had to rely on proxy measures of exposure to SHS, such as spousal smoking status, that likely result in misclassification of exposure status. [2] [3] [4] [5] 14 In addition, few studies 3, 4 have attempted to measure exposure from different sources (eg, home and workplace) over time. Because smoking behavior has changed dramatically over the past 50 years, it is likely that exposure to SHS has also changed. This change needs to be considered in exposure assessments, especially for studies examining the risk of CHD in which risk reversal is possible in a short period. 4, 15 In this context, recent findings from a study in Helena, Mont, 16 indicate potential shortterm beneficial effects on morbidity from CHD during 6 months of smoking bans in the workplace and other public settings. Such results suggest that the effects of SHS exposure on the cardiovascular system may reverse quickly when exposure is removed.
The present study adds to the growing literature on the association of SHS and CHD by presenting data from a large population-based, case-control study that used a comprehensive lifetime assessment method for quantifying exposure to SHS. 17 As such, this study provides a unique opportunity to evaluate how SHS exposures from different sources have changed over time and how risk of CHD (as determined by risk of MI) varies in relation to a measure of lifetime exposure.
METHODS

STUDY DESIGN AND POPULATION
The present study is based on data obtained from a populationbased, case-control study among residents, aged 35 to 70 years, of Erie and Niagara Counties in New York State. Data for the overall sample, identified as the Western New York Health Study, were collected between 1995 and 2001 as part of a series of studies specifically directed to examine risk factors for CHD. The details of the overall study design, participant enrollment, and methods have been described elsewhere. 18 The study protocol was approved by the institutional review boards of the University at Buffalo and all of the participating hospitals.
In all, 1197 women and men who were discharged alive with a diagnosis of incident myocardial infarction (MI) (International Classification of Diseases, Ninth Revision code410) were recruited from hospitals in Erie and Niagara Counties in New York State. The participating hospitals reflect 75% (n=12) of the 16 area hospitals. The 1197 cases represent approximately 64.3% of the identified and eligible cases. The diagnosis of acute incident MI (defined as absence of prior MI, coronary artery bypass graft, percutaneous transluminal coronary angioplasty, symptomatic angina pectoris, or a diagnosis of cardiovascular disease for which diet or drug therapy had been prescribed) was based on the World Health Organization criteria for MI. 19 Control subjects were randomly selected from among residents of Erie and Niagara Counties who were aged 35 to 70 years and were culled from driver's license lists (for individuals aged Յ65 years) and from lists provided by the Health Care Financing Administration (now known as the Centers for Medicare and Medicaid Services) (for individuals aged Ͼ65 years). A total of 2850 controls were interviewed, representing 59.5% of those identified and contacted and for whom we could determine eligibility (absence of prior MI, coronary artery bypass graft, percutaneous transluminal coronary angioplasty, symptomatic angina pectoris, or a diagnosis of cardiovascular disease for which diet or drug therapy had been prescribed).
The present study focuses on 1541 participants who were never smokers (284 cases and 1257 controls). Never smokers were defined as individuals who reported not smoking currently and also reported having smoked fewer than 100 cigarettes in their entire lifetime.
DATA COLLECTION
Eligible cases and controls who agreed to participate were invited to the Center for Preventive Medicine at the University at Buffalo for an interview and physical examination that lasted on average 2.5 hours. Cases were interviewed on average 4.1 months after the clinical event. This time lag from the event was chosen to minimize influences (both biochemical and behavioral) related to the acute clinical event.
During the interview, all participants were queried about their personal medical history, including any physician diagnosis of hypertension, diabetes mellitus, and hypercholesterolemia, and about a number of lifestyle habits, including alcohol consumption and personal smoking history. The reference time frame for questions regarding alcohol consumption habits (to determine drinking status) was the 12 to 24 months prior to the MI (for cases) or the interview (for controls). Hypertension, diabetes, hypercholesterolemia, and smoking status were assessed at the time of the MI (for cases) or the interview (for controls).
Each participant was asked about personal lifetime exposure to SHS in the home, workplace, and other public settings 20 when the participant was younger than 21 years and then for each decade of adult life (21-30, 31-40, 41-50 years old, etc). For SHS exposure at home, we ascertained the number of people living with the participant who smoked cigarettes, cigars, and/or pipes during the specified period ("How many people living with you smoked cigarettes, cigars, and/or pipes?"), as well as the number of years that the participant resided with these smokers ("For how many years did you live with them?"). The answers were used to compute the number of person-years of SHS exposure for each age period. Lifetime cumulative exposure to SHS at home was calculated by summing the number of personyears across each age period.
An estimation of workplace SHS exposure was based on the number of hours per week a participant was exposed to coworkers' cigarette smoke ("Did you have coworkers who smoked cigarettes near you so that you frequently breathed their smoke?") and the number of years of exposure ("If yes, how many hours in a week were you exposed to this smoke?"). The answers were combined to compute the number of cumulative hours of workplace SHS exposure for each of the age periods previously mentioned. Lifetime cumulative exposure to workplace SHS was calculated by summing the responses for each age period. The estimation of SHS exposure in other public settings was based on the number of times per week in a typical month a participant visited bars, restaurants, social gatherings (eg, dances, parties, or gatherings at friends' homes), or other settings not previously mentioned in which smokers were present. Lifetime cumulative exposure to SHS in other public settings was calculated by summing the responses for each age period.
Because the 3 individual sources of exposure (ie, home, workplace, and public settings) used different units of measurement (ie, person-years for home, hours per week for workplace, and number of times per week in a typical month for public settings), total lifetime exposure to SHS was computed by standardizing the individual cumulative exposure variables for home, workplace, and public settings as z scores and summing them. Data for exposure to SHS at home and in public settings were complete for 1539 participants (883 women and 656 men); data for exposure to SHS in the workplace and for total cumulative exposure were complete for 1478 participants (860 women and 618 men). Table 1 shows the correlation between overall lifetime SHS exposure and cumulative exposure from home, workplace, and public settings by sex. All correlation coefficients were statistically significant (PՅ.01); however, the correlations among the specific exposures were weak, whereas total cumulative exposure, as expected, was highly correlated with all 3 sources of exposure.
STATISTICAL ANALYSIS
All analyses were conducted using the Statistical Package for Social Sciences software (SPSS, version 12.0; SPSS Inc, Chicago, Ill). For lifetime total cumulative SHS exposure assessment, the participants were divided by tertiles of SHS exposure based on the distribution of tertiles among the controls, because virtually all of the participants reported some level of exposure. In sexstratified analyses, the tertiles were based on the distribution in each sex. Participants in the bottom tertile were used as the reference category. To approximate relative risk, adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were calculated using multiple logistic regression models controlling for the following covariates: age, sex (in combined analyses), education, body mass index, race, drinking status, lifetime physical activity, hypertension, diabetes, and hypercholesterolemia. Test results for the interaction between selected covariates and SHS exposure variables were not significant.
To evaluate temporal trends in exposure to SHS, we computed a measure of the prevalence of self-reported exposure (ie, those not exposed vs those exposed) from each exposure source (ie, home, workplace, and public settings) for each age period (eg, at home before age 21 years, at home between ages 21 and 30 years, at home between ages 31 and 40 years, and so forth). For the assessment period closest to the time of the interview, the exposure time frame varied by the subject's age. For example, for someone aged 55 years, the exposure period assessment was from ages 51 to 55 years. To assess temporal trends in the prevalence of exposure to SHS across the different age periods and from different sources, we constructed 4 birth cohorts as follows: individuals born between 1930 and 1939, 1940 and 1949, 1950 and 1959, and 1960 and 1969 .
RESULTS
Selected characteristics of study participants who were never smokers are displayed in Table 2 for cases and controls by sex. For both sexes, cases were significantly older than controls (by 6.1 years for women and 3.0 years for men). For both sexes, all lifetime SHS exposures were higher in cases than in controls; however, statistical significance was reached only for lifetime cumulative exposure to SHS in the workplace and other public settings in men. Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by the square of height in meters); SHS, secondhand smoke. *Participants were 1541 never smokers in the Western New York Health Study, 1995-2001. Cases and controls are defined in the "Study Design and Population" subsection of the "Methods" section. Data are presented as mean (SD) unless otherwise indicated. †Unpaired 2-tailed t tests for continuous variables and 2 for categorical variables. ‡Indicates a history of hypertension, diabetes mellitus, or hypercholesterolemia before the myocardial infarction (for cases) or the interview (for controls). §Drinking status refers to alcohol consumption habits during the 12 to 24 months before the myocardial infarction (for cases) or the interview (for controls). Table 3 gives results of the fully adjusted logistic regression models for lifetime cumulative exposure to SHS for men and women separately and combined. After adjustment for covariates, SHS exposure was not significantly associated with the risk of MI. Combined analyses, comparing participants in the top tertile vs those in the bottom tertile of SHS exposure, yielded an OR of 1.19 (95% CI, 0.78-1.82).
We attempted to take into account the potential influence of the sharp decline in exposure to SHS by evaluating the risk of MI in participants with high and low SHS exposure reported for the age period closest to the time of the interview. In the combined analyses, which compared participants with high levels (greater than the median) of SHS exposure (either distant or recent) vs participants with low distant and low recent exposure (less than or equal to the median) yielded an OR of 0.96 (95% CI, 0.60-1.55) in the fully adjusted model (data not shown). Table 4 shows the self-reported prevalence of SHS exposure (ie, those not exposed vs those exposed) for the home, workplace, and public settings over one's lifetime compared with the most recent assessment period. All but 3 subjects in the study reported some exposure to SHS over their lifetime, but self-reported exposures declined sharply in both men and women for the most recent assessment period for home and the workplace; selfreported exposure to SHS remained high in public settings. More than three quarters of subjects reported exposure to SHS at home before age 21 years. Exposure to SHS at home during adulthood varied by sex, with women more likely than men to report exposure (58% vs 46%, PϽ.001). Figure 1 and Figure 2 display the temporal changes in exposure to SHS in the home, workplace, and public settings by birth cohort. We found evidence of declining trends in the prevalence of SHS exposure for both sexes and for all 3 sources, although these declines were not as sharp for public settings; these trends occurred across all birth cohorts. †Prevalence of SHS exposure (ie, those exposed vs those exposed) estimated for the most recent assessment period based on the subject's age. ‡Complete data were available for 883 women and 656 men. §Complete data were available for 860 women and 618 men.
COMMENT
This study failed to find a strong and consistent association between lifetime exposure to SHS and the risk of MI. While not reaching statistical significance (PϽ.05), the overall OR for low vs high exposure to SHS was 1.19 (95% CI, 0.78-1.82), which is consistent with the magnitude of association observed in other epidemiologic studies. [7] [8] [9] [10] This estimate is likely reduced by misclassification bias in our measurement of exposure to SHS and because the lowest exposure category included subjects with some level of SHS exposure. In particular, the questions we used to measure exposure to SHS at work counted subjects who did not work adjacent to persons who smoked regularly as being unexposed; those who were not employed did not have workplace exposure to report. We believe this approach likely caused us to underestimate workplace exposure for some subjects, although we have no reason to believe that this measurement error was greater for cases than for controls. The effect of nondifferential misclassification would be to drive our estimate of the true relative risk toward the null value and would lower the statistical power of our study. 21 Given this nondifferential misclassification and the relatively small OR expected (approximately1.3), this study could have been limited by the number of cases included in the analysis, particularly among women.
In addition, our ability to show a relationship between exposure to SHS and risk of MI may have been compromised by the dramatic decline in exposure to SHS that took place among our study subjects. Although virtually all subjects in the study reported some exposure to SHS over their lifetime, self-reported exposures declined sharply over time to a point where only a small percentage of subjects reported any exposure to SHS at home or at work during their most recent assessment period. The reported decline in exposure to SHS mirrors national declines in smoking prevalence and increases in the adoption of smoke-free workplace policies. [22] [23] [24] [25] [26] [27] [28] In the absence of high levels of recent exposure to SHS, cumulative lifetime exposure to SHS may not be as important a risk factor for MI as previously thought. Support for this view is found from studies evaluating risk reduction associated with the cessation of smoking, such as Doll et al, 15 in which cessation reduced the risk of MI to the level of nonsmokers within a few years. In this context, findings from a recent observational study 16 conducted in Helena, Mont, point to the potential benefits (in terms of reduced risk of CHD) that may follow the implementation of a smoking ban in public settings. In that study, hospital admissions for acute MI decreased by about 40% during a 6-month smoking ban in the workplace and other public settings; however, the admission rates returned to baseline levels after the ban was reversed. In Pueblo, Colo, Bartecchi et al 29 recently reported a 27% decline in incidence of MIs 1 1 ⁄2 years after enactment of a comprehensive citywide smoke-free ordinance. However, more research is needed to better understand how the risk for MI changes over time after SHS exposure is eliminated or reduced.
The evidence from laboratory and animal studies [10] [11] [12] pointing to a causal association between SHS exposure and risk of CHD is overwhelming; therefore, we think that our null finding in this study does not diminish such evidence. On the contrary, recent experimental data 30, 31 suggest that the pathophysiological mechanisms underlying the detrimental effects of SHS exposure on the cardiovascular system may act in an acute fashion as well. Thus, the failure to show an association between SHS exposure and CHD in the present study may reflect the protective effects of tobacco control efforts that have markedly reduced SHS exposure.
We think that the lifetime exposure assessment method we used did not adequately capture the shortterm effects of exposure to SHS and may have contributed to the null association we observed. We recommend that future epidemiologic studies investigating the link between SHS exposure and cardiovascular disease focus more attention on assessing exposure in the recent past (say, 5-10 years). Given the declining trends in smoking in many western nations, epidemiologic studies may have a reduced ability to show a clear-cut relationship between SHS exposure and risk of CHD. In fact, most of the recent studies 5, 6 positively linking SHS exposure and risk of CHD have come from countries where smoking prevalence is still high and thus where exposure to SHS would also be expected to be significant.
In summary, it may be difficult for epidemiologic studies to show a relationship between measures of lifetime exposure to SHS and risk of CHD in locations where exposure levels are declining sharply. The fact that exposure to SHS is declining is a positive development that is likely to contribute to reductions in mortality from CHD.
